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Organocatalytic Cascade Reactions: Diversity-
Oriented Synthesis for the Construction of Hydroiso-
quinoline Scaffolds 

Clarisa Villegas Gómez, David Cruz Cruz, Rasmus Mose and Karl Anker Jørgensen* 

The organocatalytic enantioselective synthesis of highly functionalized hydroisoquinolines by 
trienamine-mediated [4+2]-cycloaddition/nucleophilic ring-closing reaction cascade sequence 
of cyanoacrylamides with 2,4-dienals is presented. The corresponding cycloadducts are 
formed in high yields and excellent stereoselectivities. Moreover, a series of transformations 
demonstrate the synthetic application of the obtained hydroisoquinolines. 

Introduction 
Privileged molecular structures, small molecules and backbones of 
more complex natural architectures, have become central topics for 
synthetic chemists because such molecules usually exhibit important 
biological-activity, properties associated to its structural connectivity 
and shape in a three-dimensional environment.1 

As privileged structures, hydroisoquinoline scaffolds are interest-
ing synthetic targets because they have been demonstrated to be 
precursors for important compounds, such as yohimboid alkaloids, 
of which reserpine,2 deserpidine3 and yohimbines4 are among the 
most important targets (Figure 1). Particularly, reserpine which 
shows pharmacological activity as a nervous-system depressant and 
has been applied as a medicinal agent for the treatment of hyperten-
sion and mental disorders has received considerable attention.2b 
Driven by both total and formal syntheses of reserpine, Wender, 
Martin and Shea independently developed methodologies for the 
construction of functionalized hydroisoquinoline scaffolds as key 
DE-ring precursors by the Diels-Alder cycloaddition/Cope rear-
rangement,5 intramolecular Diels-Alder cycloaddition of aza-
trienes2a,6, and N-vinylimidates.7 In all these cases, the desired pre-
cursors were obtained after more than three steps and without control 
of absolute configuration. 

Diversity-oriented synthesis (DOS) has provided efficient method-
ologies for the preparation of small molecules. Thus, libraries of 
compounds with a wide range of physical and biological properties 
have been prepared, including drugs, drug candidates and precursors 
for more complex structures.8 Given that the screening of small 
molecules has helped to identify new classes of biologically active 
molecules, DOS is still a challenge for an efficient generation of 
libraries. 

In terms of diversity, organocatalysis has played an important role 
due to the way in which both small and complex molecules are 
prepared.9 The recent development of new organocatalytic activa-
tions involving dienamines,10 vinylogous-iminium-ions11 and tri-
enamines12 offers new tools for DOS. 

 
Figure 1. Hydroisoquinoline scaffold occurring in natural products. 

Trienamine activation is an efficient HOMO-raising strategy in 
organocatalysis for both simple and cascade asymmetric transfor-
mations. In the following we will apply the trienamine activation to 
provide an efficient methodology to access the privileged hydroiso-
quinoline structures through DOS. The strategy for the asymmetric 
synthesis of highly functionalized hydroisoquinolines is based on an 
organocatalytic Diels-Alder/nucleophilic ring-closing reaction cas-
cade sequence. 

As part of the strategy, we hypothesized that cyanoacrylamides 
might be good dienophiles13 to react with an activated trienamine 
system. The two electron-withdrawing groups attached to the double 
bond in the cyanoacrylamides will ensure a good reactivity toward 
the [4+2]-cycloaddition, while it is expected that the planarity of the 
molecule will provide a correct endo-exo selection. Finally, once the 
catalytic cycloaddition proceeds, a nucleophilic ring-closing reaction 
can take place between the nitrogen atom of the amide and the alde-
hyde to obtain the corresponding hydroisoquinolines in a cascade 
fashion (Scheme 1). 

Scheme 1. Proposed reaction pathway for the organocatalytic cascade reac-
tion providing optically active hydroisoquinoline scaffolds. 

 

Page 1 of 4 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



COMMUNICATION Journal Name 

2 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

Results and discussion 
In order to prove the feasibility of the hypothesis, we chose to study 
the cascade sequence between (E)-5-methylhexa-2,4-dienal 1a and 
cyanoacrylamide 2a as a model reaction (Table 1). In a first ap-
proach, in presence of 20 mol% of the TMS-protected prolinol cata-
lyst 3a and p-nitrobenzoic acid (p-NBA), the desired product 4a was 
observed only with 20% of conversion after 24 h in CDCl3 (entry 1). 
By changing the solvent to THF or 1,4-dioxane the conversion was 
enhanced to be 50 and 60% respectively (entries 2,3). Finally when 
the reaction was performed at 70 ºC in 1,4-dioxane, full conversion, 
excellent diasteromeric ratio and promising enantiomeric excess of 
product 4a were observed after 20 h (entry 4). However, only a 
moderate enantioselectivity of 70% ee of 4a was obtained. 
Table 1. Screening of the reaction conditions for the 
[4+2]-cycloaddition/nucleophilic ring-closing reaction of (E)-5-methylhexa-
2,4-dienal 1a and cyanoacrylamide 2a. 

 
entry 3 solvent T [°C] t [h] drc eed [%] conv.c/yield [%]

1a 3a CDCl3 rt 24 nd nd 20/nd 

2a 3a THF rt 24 nd nd 50/nd 

3a 3a dioxane rt 24 nd nd 60/nd 

4b 3a dioxane 70 20 90:10 70 >95/50 

5b 3b dioxane 70 20 90:10 46 >95/24 

6b 3c dioxane 70 20 90:10 84 >95/40 

7b 3d dioxane 70 20 90:10 -63 >95/46 

8b 3e dioxane 70 20 90:10 85 >95/43 

9b 3f dioxane 70 20 90:10 89 >95/49 

10b 3g dioxane 70 20 90:10 95 >95/53 

11a 3g dioxane 70 20 90:10 95 >95/80 

 aReactions were performed with 1a (0.2 mmol), 2a (0.1 mmol), 3 (0.02 mmol) and 
p-NBA (0.02  mmol) in solvent (0.5 mL). b1a (0.1 mmol) and 2a (0.2 mmol). cDeter-
mined by 1H NMR spectroscopy on the crude reaction mixture. dDetermined by chiral 
ultraperformance convergence chromatography (UPC2).  

In attempts to improve the enantioselectivity of the reaction, sev-
eral silyl-protected prolinol catalysts 3 were tested. Interestingly, the 
screening showed that the enantioselectivity is very dependent on the 
sterics of the substituent in the silyl-protecting group. This sterics-
dependence provided the Ph3Si-protected prolinol 3g as the best 
catalyst giving the hydroisoquinoline 4a in 53% yield and 95% ee 
(entry 10). Finally, as it was observed at the beginning of the screen-
ing study, that small amounts of the aldehyde were degraded at 
70 ºC, we switched the equivalents of the reactants to be two for the 
aldehyde and one for the cyanoacrylamides to obtain 80% yield of 
4a (entry 11). 

With the optimal conditions established, our attention was ad-
dressed towards the scope of the reaction with various dienals 1 and 
different cyanoacrylamides 2 (Scheme 2).  

Pleasingly, a variety of substitution patterns were well-tolerated 
for the dienals 1 and cyanoacrylamides 2. Both electron-withdrawing 
and electron-donating substituents on the aromatic ring of the cy-
anoacrylamides 2 lead to excellent enantioselectivities (91-96% ee) 
and very good yields and diastereoselectivities of the hydroisoquino-
line scaffolds 4b-g were obtained. Heteroaromatic substituents as 
well as fused aromatic rings in 2 were also compatible with the 
methodology and afforded the corresponding products 4h-j with 

Scheme 2. Scope of the [4+2]-cycloaddition/nucleophilic ring-closing reac-
tions for the formation of optically active hydroisoquinoline scaffolds. 

N

OH

Ph

O

Bn N

OH

O

Bn

Br

N

OH

O

Bn

Cl

N

OH

O

Bn

Br

80% yield
90:10 dr, 95% ee

4a 4d4b 4c

69% yield
85:15 dr, 93% ee

79% yield
84:16 dr, 94% ee

64% yield
81:19 dr, 91% ee

H

CN

H

CN

H

CN

H

CN

N

OH

O

Bn

OMe
4e

80% yield
81:19 dr, 96% ee

H

CN

N

OH

O

Bn
N

OH

O

Bn
N

OH

O

Bn

O4f 4ga 4h

60% yield
85:15 dr, 96% ee

74% yield
89:11 dr, 93% ee

73% yield
90:10 dr, 93% ee

H H H

CN CN CN

N

OH

O

Bn

S

N

OH

O

Bn

4i 4j

74% yield
90:10 dr, 95% ee

80% yield
90:10 dr, 97% ee

H H

CN CN

N

OH

O

Bn
N

OH

Ph

O

Bn

4k 4l

48% yield
60:40 dr, 70% ee

78% yield
91:9 dr, 94% ee

HH

CNCN

N

OH

Ph

O

Bn
N

OH

Ph

O

Bn

Ph
N

OH

Ph

O

Bn

4m 4n 4oa

77% yield
>95:5 dr, 96% ee

75% yield
93:7 dr, 98% ee

48% yield
81:19 dr, 93% ee

CN

HHH

CNCN

N

OH

Ph

O

Bn

4pa

74% yield
91:9 dr, 91% ee

H

CN

N

OH

Ph

O

Bn

4q
66% yield

91:9 dr, 94% ee

N

OH

Ph

O

Bn

4rb

56% yield
96% ee

N
Boc

Ph

H H

CN CN

CHO

R2

R3

R1
HN

CN

Bn

R4

O
p-NBA (20 mol%)
Dioxane, 70 ºC

N
Bn

O

R3
R2

R1

CN

H

R4

OH

1 2 4

3g (20 mol%)

 
Reaction conditions: 1 (0.2 mmol), 2 (0.1 mmol), 3g (0.02 mmol) and p-NBA (0.02 
mmol) in 0.5 mL of 1,4-dioxane. The reported yields are for the major diastereoisomer 
only. The dr values were determined by 1H NMR spectroscopy on the crude mixture. 
The ee values (major diastereoisomer) were determined by chiral ultraperformance 
convergence chromatography (UPC2). adr was not determined. 

high levels of stereocontrol (93-97% ee and 90:10 dr) and very good 
yields. Alkyl group in the cyanoacrylamide resulted in less reactivity 
and reduced stereoselectivity, probably due to a loss in the planarity 
of the molecule as obtained for product 4k. 

Next, a variety of dienals 1, acting as trienamine precursors, were 
evaluated for this asymmetric Diels-Alder/nucleophilic ring-closing 
reaction. Delightfully, good yields and excellent stereoselectivities 
were also observed for the dienal precursors. It was found that alkyl 
and aryl substituents at γ- and δ-positions can be attached to the 
dienal and the corresponding products 4l-q were obtained in up to 
78% yield, >95:5 dr and up to 98% ee. Interestingly, the highest 
diasteromeric ratios were observed when alkyl or aryl substituents at 
C-4 of 1 are present (4m,n). Tri- and tetracyclic products could also 
be prepared (4o,r). Slightly lower yields were observed; however, 
the excellent enantioselectivities were maintained. 

The absolute configuration of the hydroisoquinoline 4b was un-
ambiguously established by X-ray crystallography.14  
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The configurations of the remaining products 4 were assigned by 
analogy. 

Having proved the generality of the trienamine-mediated 
[4+2]-cycloaddition/nucleophilic ring-closing reactions for the for-
mation of optically active hydroisoquinoline scaffolds 4, we moved 
into the synthetic potential of the various functionalities of these 
products. Interestingly, an epimerization of the hemiaminal stereo-
center at C-3 of 4a was observed under basic conditions (Scheme 3, 
eq I).15 Thus, when DMAP was added after the catalytic Diels-
Alder/nucleophilic ring-closing reaction, the epimer 5 was obtained 
with complete inversion of the configuration, maintaining the enan-
tioselectivity. 

Furthermore, the hydroxyl group can be reduced or oxidized to the 
corresponding saturated product 6 or amide 7 with excellent and 
quantitative yields, respectively (Scheme 3, eqs II,III). Finally, a 
stereoselective epoxidation at the double bond was achieved, leading 
to the highly functionalized compound 8 with six stereocenters 
(Scheme 3, eq IV). 

Scheme 3. Synthetic transformations of product 4a. 

 
Conclusions 
In summary, an organocatalytic cascade reaction mediated 
trienamine [4+2]-cycloaddition/nucleophilic ring-closing se-
quence has been developed. The reaction between diversely 
substituted cyanoacrylamides and 2,4-dienals to generate multi-
functionalized hydroisoquinolines proceeded efficiently. The 
highly steric Ph3Si-protecting group at the catalyst was decisive 
to reach high enantioselectivities. The synthetic application of 
the obtained cycloadducts was demonstrated. The stereochem-
istry at C-3 could be modulated depending on the work-up of 
the reaction mixture. A reduction and oxidation at the same 
position could also be achieved efficiently. Finally, a stereose-
lective epoxidation led to multifunctional hydroisoquinolines 
with up to six stereocenters. 

Acknowledgements 
This work was made possible by grants from Aarhus University 
and Carlsberg Foundation. The authors thank Dr. Jacob Over-
gaard and Espen Eikeland for performing the X-ray analysis. 

Notes and references 
Center for Catalysis, Department of Chemistry, Aarhus University 8000 
Aarhus C. Denmark. 
e-mail: kaj@chem.au.dk 

Electronic Supplementary Information (ESI) available: Reactions condi-
tions and spectra. See DOI: 10.1039/c000000x/ 

References 
1 See e.g.: M. E. Welsch, S. A. Snyder, B. R. Stockwell, Curr. Opin. 

Chem. Biol. 2010, 14, 347-361. 
2 a) S. F. Martin, H. Rüeger, S. A. Williamson, S. Grzejszczak, J. Am. 

Chem. Soc, 1987, 109, 6124-6134; b) F.-E. Chen, J. Huang, Chem. 
Rev. 2005, 105, 4671-4706  

3 a) E. W. Baxter, D. Labaree, H. L. Ammon, P. S. Mariano, J. Am. 
Chem. Soc. 1990, 112, 7682-7692; b) G. Varchi, A. Battaglia, S. 
Samori, E. Baldelli, B. Danieli, G. Fontana, A. Guerrini, E. Bom-
bardelli, J. Nat. Prod. 2005, 68, 1629-1631. 

4 a) D. J. Mergott, S. J. Zuend, E. N. Jacobsen, Org Lett. 2008, 10, 
745-748; b) B. Herlé, M. J. Wanner, J. H. Maarseveen, H. Hiemstra, 
J. Org. Chem. 2011, 76, 8907-8912; c) L. Liu, L. Zhang, Angew. 
Chem. Int. Ed. 2012, 51, 7301-7304.  

5 a) P. A. Wender, J. M. Schaus, D. C. Torney, Tetrahedron Lett. 1979, 
27, 2485-2488; b) P. A. Wender, J. M. Schaus, A. W. White, J. Am. 
Chem. Soc. 1980, 102, 6159-6161. 

6 a) S. F. Martin, S. Grzejszczak, J. Am. Chem. Soc. 1985, 107, 4072-
4074. 

7 a) K. J. Shea, J. J. Svoboda, Tetrahedron Lett. 1986, 27, 4837-4840; 
b) A. J. Gutierrez, K. J. Shea, J. J. Svoboda, J. Org. Chem. 1989, 54, 
4335-4344; c) S. M. Sparks, K. J. Shea, Tetrahedron Lett. 2000, 41, 
6721-6724; d) S. M. Sparks, A. J. Gutierrez, K. J. Shea, J. Org. 
Chem. 2003, 68, 5274-5285. 

8 a) S. L. Schreiber, Science, 2000, 287, 1964-1969; b) D. R. Spring, 
Org. Biomol. Chem. 2003, 1, 3867-3870; c) R. J. Spandl, A. Bender, 
D. R. Spring, Org. Biomol. Chem. 2008, 6, 1149-1158; d) R. J. 
Spandl, M. Díaz-Gavilán, K. M. O´Connell, G. L. Thomas, D. R. 
Spring, Chem. Rec. 2008, 8, 129-142; e) T. E. Nielsen, S. L- 
Schereiber, Angew. Chem. Int. Ed. 2008, 47, 48-56; f) W. R. J. D. 
Galloway, A. Isidro-Llobet, D. R. Spring, Nature Commun. 2010, 1-
13; g) S. Dandapani, S. L. A. Marcaurelle, Curr. Opin. Chem. Biol. 
2010, 14, 362-370. 

9 a) P. Melichiorre, M. Marigo, A. Carlone, G. Bartoli, Angew. Chem. 
Int. Ed. 2008, 47, 6138-6171; b) S. Bertelsen, K. A. Jørgensen, 
Chem. Soc. Rev. 2009, 38, 2178-2189; c) A. Erkkilä, I. Majander, P. 
M. Pihko, Chem. Rev. 2007, 107, 5416-5470; d) J. L. Vicario, D. Ba-
dia, L. Carrillo, Synthesis 2007, 2065-2092; e) S. B. Tsogoeva, Eur. 
J. Org. Chem. 2007, 2007, 1701-1716; f) D. Almaşi, D. A. Alonso, 
C. Nájera. Tetrahedron: Asymmetry 2007, 18, 299-365; g) P. I. 
Dalko, L. Moisan, Angew. Chem. Int. Ed. 2004, 43, 5138-5175; h) J. 
Seayad, B. List, Org. Biomol. Chem. 2005, 3, 719-724; i) R. Marcia 
de Figueiredo, M. Christmann, Eur. J. Org. Chem. 2007, 2007, 2575-
2600. 

10 D. B. Ramachary, Y. V. Reddy, Eur. J. Org. Chem. 2012, 2012, 865-
887. 

11  a) X. Tian, Y. Liu, P. Melichiorre, Angew. Chem. Int. Ed. 2012, 51, 
6439-6442; b) Y. Hayashi, D. Okumara, S. Umemiya, T. Uchimaru, 
ChemCatChem 2012, 4, 959-962; c) X. Tian, P. Melchiorre, Angew.  
Chem. Int. Ed. 2013, 52, 5360-5363; d) L. Dell´Amico, Ł. Albrecht, 
T. Naicker, P. H. Poulsen, K. A. Jørgensen, J. Am. Chem. Soc. 2013, 
135, 8063-8070; e) K. S. Halskov, T. Naicker, M. E. Jensen, K. A. 
Jørgensen, Chem. Commun. 2013, 49, 6382-6384; f) M. J. Lear, Y. 
Hayashi, ChemCatChem 2013, 5, 3499-3501.  

12 a) E. Arceo, P. Melchiorre, Angew. Chem. Int. Ed. 2012, 51, 5290-
5292; b) Z.-J. Jia, H. Jiang, J.-L. Li, B. Gschwend, Q.-Z. Li, Li, X. 
Yin, J. Grouleff, Y.-C. Chen, K. A. Jørgensen, J. Am. Chem. Soc. 
2011, 133, 5053-5061; c) Z.-J. Jia, Q. Zhou, Q.-Q. Zhou, P.-Q. Chen, 
Y.-C. Chen, Angew. Chem. Int. Ed. 2011, 50, 8638-8641; d) Y. Liu, 
M. Nappi, E. Arceo, S. Vera, P. Melchiorre, J. Am. Chem. Soc. 2011, 
133, 15212-15218; e) Ł. Albrecht, F. Cruz-Acosta, A. Fraile, A. Al-
brecht, J. Christensen, K. A. Jørgensen, Angew. Chem. Int. Ed. 2012, 
51, 9088-9092; f) K. S. Halskov, T. K. Johansen, R. L. Davis, M. 
Steurer, F. Jensen, K. A. Jørgensen, J. Am. Chem. Soc. 2012, 134, 
12943-12946. 

13  Y. He, T.-R. Kang, Q.-Z. Liu, L.-M. Chen, Y.-L. Tu, Y.-J. Liu, T.-B. 
Chen, Z.-Q. Wang, J. Liu, Y.-M. Xie, J.-L. Yang, L. He, Org. Lett. 
2013, 15, 4054-4057. 

14 See Supporting Information for details about the X-ray analysis. 
15 It was shown by 1H and 13C NMR that product 5 could be oxidized to 

form product 7. 

Page 3 of 4 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



COMMUNICATION Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

Graphical Abstract 

 

 

Page 4 of 4ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t


